UK Patent Application ™GB ,,,,2 272 756 «,» A 



(43) DateofAPublicati n 25.05.1994 



(21) 


Application No 9224564.6 


(51) 


INT CL 




F23R 3/14 , F23D 1 1/00 


(22) 


Date of Filing 24.11.1992 








(52) 


UK CL (Edition M ) 






F4TTALT1110 T1112 


(71) 


Applicants) 




U1SS1987 




Rolls-Royce pic 










(56) 


Documents Cited 




(Incorporated in the United Kingdom) 




GB 2198521 A GB 2123137 A GB 1478395 A 








US 4845940 A US 4198815 A 




65 Buckingham Gate, LONDON, SW1E 6AT, 








United Kingdom 


(58) 


Field of Search 








UK CL (Edition K) F4TTAL 


(72) 


Inventor(s) 




INT CL 5 F23R 3/10 3/12 3/14 




John Stanley Richardson 




Online database:WPI 


(74) 


Agent and/or Address for Service 








M A Gunn 








Rolls-Royce pic. Patents Department, PO Box 31, 








Moor Lane, DERBY, DE2 8BJ, United Kingdom 







(54) Fuel injection apparatus 

(57) A gas turbine engine fuel injection apparatus (10) comprises a fuel spray atomiser (12) which directs a 
fuel spray on to the radially inner surface of an annular flow deflector (20). The fuel flows in a film over the 
flow deflector (20) surface towards an annular lip (22) at the downstream end of the deflector (20). Swirling air 
flows are directed over the radially inner and outer surfaces of the flow deflector (20) so as to atomise the fuel 
as it leaves the annular lip (22). The fuel is evaporated in the swirling airflows and thoroughly mixed with the 
airflows in a mixing duct (14) before being discharged into a combustion chamber (11). The thorough mixing 
of the evaporated fuel and the airflows prior to combustion results in the production of reduced quantities of 
the oxide of nitrogen. The region 16 externally of the fuel injection apparatus is at high pressure and, air flows 
through inlets 17, 23, 26, 27, 36 which have swirl vanes to impart a swirling motion to the air. 
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FUEL INJECTION APPARATUS 

This inv ntion relates to fuel Injection apparatus 
and is particularly concerned with fu 1 injection 
apparatus for gas turbine engines. 

The combustion apparatus of a gas turbine engine is 
required to operate in such a way that the amount of 
harmful emissions which it produces is minimised • 
Unfortunately this requirement is often at odds with the 
requirement that such the combustion apparatus should 
operate in as efficient manner as possible. Combustion 
apparatus efficiency improves with increased temperatures 
within the apparatus. However such increased 

temperatures give rise to a correspondingly increased 
rate in the production of the oxides of nitrogen. Such 
oxides are looked upon as being highly undesirable 
emissions. 

One factor which is significant in the production of 
the oxides of nitrogen is the efficiency of the 
atomisation and evaporation of the fuel which is 
combusted in the combustion apparatus and the thorough 
mixing of the the fuel with the air which is fed into the 
combustion chamber for combustion purposes. If the fuel 
is poorly atomised and evaporated so that liquid fuel 
droplets remain, or if local areas of high fuel 
concentration occur, the combustion temperature 
increases. This in turn results in a correspondingly 
increased rate in the production of the oxides of 
nitrogen. 

It is an object of the present invention to provide 
a fuel injection apparatus for the combustion apparatus 
of a gas turbine engine the use of which results in 
reduced emissions of the oxides of nitrogen. 

According to the present invention, a fuel injection 
apparatus for use in the combustion apparatus of a gas 
turbine engine comprises a fuel spray means adapted to 
spray fuel across a first air flow on to the radially 
inner surface of a generally annular member downstream of 
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said fuel injection means to form a fuel film flow in a 
generally downstream direction over said surface, the 
downstream nd of said annular member t rrainating in an 
annular lip, means being provided to direct a second air 
flow over the radially outer surface of said annular 
member to cooperate with said first air flow to provide 
atomisation of said fuel film flowing from said 
downstream annular tip, and a fuel and air mixing duct 
located radially outwardly of and extending downstream of 
said annular member to terminate at the upstream end of 
the combustion chamber of said combustion apparatus, said 
mixing duct being of sufficient length to provide 
thorough mixing of air and said fuel prior to their entry 
into said combustion chamber. 

The present invention will now be described, by way 
of example, with reference to the accompanying drawings 
in which: 

Fig 1 is a sectioned side view of a fuel injection 
apparatus in accordance with the present invention. 

Fig 2 is a sectioned side view of an alternative 
embodiment of a fuel injection apparatus in accordance 
with the present invention. 

Fig 3 is a sectioned side view of a further 
alternative embodiment of a fuel injection apparatus in 
accordance with the present invention. 

Referring to Fig 1, a fuel injection apparatus 
generally indicated at 10 is attached to the upstream end 
of a gas turbine engine combustion chamber 11, part of 
which can be seen in Fig 1. The actual configuration of 
the combustion chamber 11 is conventional and will not 
therefore be described in detail. Suffice to say, 
however, that the combustion chamber 11 may be of the 
well known annular type or alternatively of the 
cannular type so that it is one of an annular array of 
similar individual combustion chambers or cans. In the 
case of an cannular combustion chamber, one fuel 
injection apparatus 10 would normally be provided for 
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each chamber 11. However in the case of an annular 
combustion chamber 11 the single chamber would be 
provided with a plurality of the fuel injection apparatus 
10 arranged in an annular array at its upstream end* 
Moreover , more than one annular array could be provided 
if so desired. For Instance there could be two coaxial 
arrays • 

The fuel injection apparatus 10 comprises three 
major components: a fuel pressure swirl atomiser 12 , a 
plurality of air inlets 13 and a mixing duct 14. 

The fuel pressure swirl atomiser 12 is located at 
the upstream end of the fuel injection apparatus 10. 
Throughout the specification the terms "upstream" and 
"downstream" are used with respect to the general 
direction of flow of liquid and gaseous materials through 
the fuel injection apparatus 10 and the combustion 
chamber 11. Thus with regard to the accompanying 
drawings, the upstream end is towards the left hand side 
of the drawings and the downstream end is towards the 
right hand side. 

The fuel pressure swirl atomiser 12 receives a 
supply of pressurised fuel and exhausts that fuel in the 
form of a generally conical -shaped spray 15 of fuel 
droplets. The region 16 externally of the fuel injection 
apparatus 10 contains air at high pressure which has been 
delivered by the compressor of the gas turbine engine 
which contains the apparatus 10. Some of that air flows 
radially inwardly through a first annular air inlet 17 
which is located radially outwardly of the fuel pressure 
swirl atomiser 12. Swirler vanes 18 located in the air 
inlet 17 impart a swirling motion to the air about the 
longitudinal axis of the apparatus 10. This swirling 
flow of air is caused to flow in a generally axial 
downstream direction by a support plate 19 which carries 
the atomiser 12 and an annular curved deflector member 
20. In doing so, the air flows across the fuel spray 15, 
thereby evaporating some of the smaller fuel droplets in 
the spray 15. 
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parallel. Th deposited fuel flows in the form of a film 
ov r the downs tr am portion 33 until it reaches an 
annular lip 34 at the downstream end of the portion 33. 
There the film of fuel encounters a further flow of 
swirling air which flows over the radially outer surface 
of the further deflector member 32. This further flow of 
air originates from a fifth annular radial air inlet 35 
which is located adjacent the fourth air inlet 27. 
Swirler vanes 36 in the fifth air inlet 35 swirl the air 
flow in the same direction as the air swirled by the 
remaining swirl vanes 17, 24, 28 and 29. 

The swirling air flowing over the radially inner and 
outer surfaces of the further deflector member 32 
re-atomises the fuel as it flows from the annular lip 34 
in a similar manner to the re-atomising of the fuel 
flowing from the annular lip 22 of the first deflector 
member 20. However, at this position, there is a 
sufficiently small amount of fuel that the atomised fuel 
leaving the annular lip 34 is quickly evaporated by the 
air flowing around it. This ensures that no liquid fuel 
is deposited on the radially inner wall of the mixing 
duct 14. Consequently substantially all of the fuel 
which then flows through the mixing duct 14 has been 
evaporated by the various air flows from the air inlets 
13. 

The mixing duct 14 is located radially outwardly of 
and extends downstream the further deflector member 32. 
It is of generally convergent-divergent configuration. 
Additionally it is of sufficient length to ensure that 
the evaporated fuel, and the swirling air flows which 
carry it, are thoroughly mixed by the time they reach the 
downstream end of the duct 14. Consequently the fuel/air 
mixture which is subsequently delivered into the 
combustion chamber 11 does not contain significant 
localised high concentrations of fuel, either in the form 
of vapour or droplets. This ensures that local areas of 
high temperature within the combustion chamber 11 are 
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avoided, so in turn reducing the production of th oxides 
of nitrogen. 

Additionally, since no liquid fuel is deposited upon 
th radially inner wall of the mixing duct 14 , fuel 
cannot flow along that wall and into the combustion 
chamber 11 to create local areas of high temperature. 

The provision of the various deflector members 20 , 
30, 31 and 32 ensures that the air flow through the fuel 
injection apparatus 10 is smooth with the avoidance of 
wakes around the atomiser 12. This in turn ensures that 
combustion flashback into the apparatus 10 is avoided. 
Such a flashback would result in combustion taking place 
in the vicinity of liquid fuel droplets, thereby 
increasing temperatures and the undesirable production of 
the oxides of nitrogen. 

The embodiments of the present invention which are 
shown in Figs 2 and 3 are generally similar to that shown 
in Fig 1 and consequently like components share the same 
reference numerals . 

In the embodiment of Fig 2, only one deflector 
member 32 is provided to receive the fuel spray 37 from 
the fuel pressure swirl atomiser 12. The deflector 
member 32 is the most downstream of the deflector 
members. Consequently the fuel spray 37 is exposed to 
several swirling flows of air before it is finally 
deposited upon the radially inner surface of the 
deflector member 32. As a result, a large proportion of 
that fuel spray 37 is evaporated prior to its deposition 
upon the deflector member 32. That fuel which does reach 
the deflector member 32 is fully vaporised as it flows 
off the annular lip 33 at the downstream end of the 
deflector member 34. 

In the embodiment of Fig 3, extended deflector 
member 38 and 39 are provided to define additional 
surfaces 40 and 41 respectively to receive sprayed fuel 
and subsequently vaporise that fuel from an annular lip. 
Additionally a further annular air inlet 40 is provided 



between th air inlets 27 and 35 which is provided with 
swirler vanes 41. 

It will be appreciated that the number and position 
of the deflector members which received sprayed fuel and 
subsequently re-atomise that fuel will depend on the 
particular characteristics of the combustion equipment 
they are applied to* Essentially sufficient deflector 
members are chosen to ensure that substantially all of 
the fuel initially sprayed from the fuel pressure swirl 
atomiser 12 is vaporised by the time it enters the 
combustion chamber 11. 

It will also be appreciated that although in the 
case of the present invention , all of the air entering 
the fuel injection equipment 10 is swirled in the same 
direction, this need not necessarily always be necessary. 
Thus some of the air could be swirled in one direction 
whilst the remainder is swirled in the opposite 
direction. Alternatively some of the air need not be 
swirled at all. 
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Claims :- 

1. A fuel injection apparatus for use in the combustion 
apparatus of a gas turbine ngin comprising a fuel spray 
means adapted to spray fuel across a first air flow on to 
the radially inner surface of a generally annular member 
downstream of said fuel injection means to form a fuel 
film flow in a generally downstream direction over said 
surface, the downstream end of said annular member 
terminating in an annular lip, means being provided to 
direct a second air flow over the radially outer surface 
of said annular member to cooperate with said first air 
flow to provide atomisation of said fuel film flowing 
from said downstream annular lip, and a fuel and air 
mixing duct located radially outwardly of and extending 
downstream of said annular member to terminate at th 
upstream end of the combustion chamber of said combustion 
apparatus, said mixing duct being of sufficient length to 
provide mixing of air and said fuel prior to their entry 
into said combustion chamber* 

2. A fuel injection apparatus as claimed in claim 1 
wherein said first and second air flows are initially 
directed into said apparatus in a radially inward 
direction , said generally annular member being so 
configured as to subsequently direct said air in a 
generally axial direction prior to said air flowing over 
said downstream annular lip. 

3. A fuel injection apparatus as claimed in claim 2 
wherein said apparatus is provided with a plurality of 
said generally annular members, at least some of said 
annular members being so positioned and configured as to 
not directly receive said sprayed fuel. 

4. A fuel injection apparatus as claimed in claim 3 
wherein a plurality of air inlets are provided to direct 
air into the interior of said apparatus, one air inlet 
being located between adjacent of said annular members. 

5. A fuel injection apparatus as claimed in any one 
preceding claim wherein swirling means are provided to 
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swirl said air flows into said apparatus. 

6. A fuel injection apparatus as claimed in claim 5 
wherein all of said air flows ar swirled in the same 
direction. 

7. A fuel injection apparatus as claimed in any one 
preceding claim wherein the portion of said generally 
annular member over which said fuel film flows has 
generally parallel walls. 

8. A fuel injection apparatus as claimed in any one 
preceding claim wherein said mixing duct is of generally 
convergent /divergent configuration . 

9. A fuel injection apparatus substantially as 
hereinbefore described with reference to and as shown in 
the accompanying drawings. 
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